The spectral properties of the K 3 La(PO 4 ) 2 :Eu 3+ nanophosphors synthesized by the combustion method are reported. The phosphors were characterized by X-ray diffraction, transmission electron microscopy, and optical spectroscopy. The XRD pattern reveals a pure monoclinic phase of the K 3 La(PO 4 ) 2 with the average particle size of 30 nm in diameter. Under UV excitation, the phosphors exhibited several emission bands which were assigned to 4f-4f transitions of Eu 3+ ions. The red shade of the Eu 3+ ion with the CIE coordinates (x, y) as (0.63, 0.37) suggests that this material is a promising phosphor for near-UV InGaN-based LED lighting.
Introduction
In recent years, white light-emitting diodes (LEDs) have attracted more attention as possible replacement of the incandescent and fluorescent light sources due to their extraordinary characteristics such as high luminous efficiency, low cost synthesis, energy saving, long lifetime, reliability, mercury free, and environmental friendliness [1] [2] [3] [4] . The rare earth doped phosphates are an important family of luminescent materials for solid state lighting applications as they possess excellent properties such as large band gap, moderate phonon energy, high thermal and chemical stability, exceptional optical damage threshold, and high absorption of PO 4 3− in the VUV region [5] [6] [7] . Among the phosphates families, orthophosphate is considered to be an excellent host material to accommodate large amount of dopants due to its large band gap. Very often, orthophosphate crystallizes in the monoclinic phase with space group Pc/m or Pc/n [8] .
The electronic transitions in the inner 4f orbitals, which are not influenced by the 5s and 5p electrons, are only found in the lanthanide. This leads to narrow and intense emission bands which are useful sources of the individual colors in multiphosphor devices. Therefore, in many commercial phosphors the blue (450 nm), green (545 nm), and red (610 nm) emissions of Eu 2+ , Tb 3+ , and Eu 3+ have been widely used [9, 10] . Currently, there are several techniques used to synthesize these materials, like colloidal [11, 12] , sonochemical [13] , spray pyrolysis [14] , and high temperature solid-state reactions [15, 16] .
In the present paper, we report on the structure and photoluminescence (PL) properties of Eu 3+ activated K 3 La(PO 4 ) 2 nanophosphors synthesized by the combustion technique.
Experimental
3+ (2 mol%) phosphors were synthesized via the combustion method using urea as a fuel. All the chemicals used in the preparation were of analytical grade and were used without further purification. The starting materials were potassium nitrate (KNO 3 ⋅4H 2 O), lanthanum (III) nitrate hexahydrate (La(NO 3 ) 3 ⋅6H 2 O), ammonium dihydrogen tetraoxophosphate(V) (NH 4 H 2 PO 4 ), urea (NH 2 CONH 2 ), and europium nitrate (Eu(NO 3 ) 3 ⋅6H 2 O). The reagents were weighed according to the balanced chemical reaction given below. The ratio of the metal nitrates (oxidizers) and urea (fuel) was calculated using the total oxidizing and reducing valences of the components to get an equivalent 2 Indian Journal of Materials Science ratio of unity to enable complete combustion. The ratio of an oxidizer and fuel is expressed as follows:
In the reaction (3) 
The weighed reactants were dissolved in few drops of distilled water and thoroughly mixed in agate mortar to obtain thick paste. The paste was transferred to alumina crucible and placed in a furnace, preheated to a temperature of 550 ∘ C. The paste underwent volumetric combustion with evolution of large amounts of gasses. The reaction took 3-5 minutes to be completed. The final white foamy product was cooled to room temperature and ground to obtain a fine powder. The powder was annealed at 800 ∘ C for 2 h to improve the crystallinity and also to remove reactants which could not be decomposed at lower temperature. Consider
The structure of the product was examined by using a Bruker Advance D8 X-ray diffractometer with Cu, K irradiation ( = 1.5406Å). Transmission electron microscopy (TEM) was used to examine the particle size and morphology of the phosphor. The TEM images were taken with a JEM-2100 at an accelerating voltage of 200 kV. The emission and excitation spectra (PL) of the phosphors were recorded by using a CaryEclipse spectrofluorometer. Figure 1 shows the X-ray diffraction (XRD) pattern of the annealed K micrograph, the particles were mostly spheroidal and the average particle size was estimated to be in the range of ∼28 ± 2 nm. This result is consistent with the XRD data. It is well known that the morphological characteristics of the combustion derived products are strongly dependent on the heat and gas generated during the reaction. Large amounts of gases generated during the combustion process are suitable for preparation of fine particles, while the heat released is an important factor for crystal growth. This type of porous network is typically the characteristic of combustion synthesized powders. The porous powders are highly friable which facilitates easy grinding to obtain finer particles. The evolution of gas with high pressure leads to the formation of pores along with the simultaneous growth of small particles near the pores [16] . Figure 3 shows the photoluminescence excitation spectrum of the K 3 La(PO 4 ) 2 :Eu 3+ phosphor. The spectrum has a broad band ranging from 200 to 310 nm with a set of sharp lines protruding from the band. The broad band is attributed to charge transfer (CTB) from O 2− → Eu 3+, while the sharp lines at wavelengths of 318, 360, 382, and 392 nm are assigned to (
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transitions of Eu 3+ ion.
Indian Journal of Materials Science The PL emission spectra at different excitation wavelengths are presented in Figure 4 and it is clear that the peak positions and shapes of the spectra did not change for all the excitation wavelengths. The emission spectrum consists of four typical emission peaks at 591, 617, 653, and 703 nm, which results from the intraconfigurational 4f-4f characteristic transitions ( 5 D 0 → 7 F , = 1, 2, 3, 4) of the Eu 3+ ion, respectively. The emission line at 591 nm is due to magnetic dipole transition 5 D 0 → 7 F 1 which is insensitive to the site symmetry, whereas the emission at 617 nm is due to the electric dipole transition of 5 D 0 → 7 F 2 and it is induced by the lack of inversion symmetry at the Eu 3+ site. Generally, the forced electric dipole transitions arise from the lack of centre of symmetry and it is much stronger than [18, 19] . The CIE 1931 color space chromaticity coordinates were calculated and are presented in the CIE diagram in Figure 5 . The diagram was constructed using the Commission International de L'Eclairage (CIE) coordinate calculator. The calculated CIE coordinates of our materials were (0.63, 0.37) which correspond to the shade of orange-red emission of the Eu 3+ ion. Bright orange-red lightemitting diodes may be fabricated by the combination of the synthesized K 3 La(PO 4 ) 2 :Eu 3+ with 392 nm emitting InGaNbased chips.
Conclusions
K 3 La(PO 4 ) 2 :Eu 3+ nanophosphors were synthesized by the combustion method and its luminescence properties were investigated under UV excitation. The emission spectrum consists of two prominent peaks at 591 and 617 nm which corresponds to magnetic-dipole transitions (
and electric-dipole transitions ( 5 D 0 → 7 F 2 ) of the Eu
3+
ion. The CIE chromaticity coordinates were calculated to be ( = 0.63, = 0.37) which corresponds to the orangered shade. The maximum emission from 392 nm excitation makes this material a potential candidate for the near-UVlight-emitting diode applications.
